The separation process is very important in a variety of scientific fields, especially in biochemistry and biotechnology. The separation performance of a method can be determined by the separation time and the purity of the separated molecule, which is directly proportional with the ligand chosen for the target molecule. The separation time is actually a very important step for the cost and the time-dependent analysis, especially in medical applications. Magnetic separation is a very advantageous technique because it eliminates the time-consuming sample preparation and centrifugation steps. However, the magnetic performance of adsorbent may not be strong enough to respond the magnetic force applied externally. Therefore, in nanoparticle studies, magnetic performance of nanoparticles is highly important. In this study, the magnetic performance of polymeric microparticles synthesized using different magnetic cores (Fe2O3 & Fe3O4, Fe & Ni, Ni & Co, Fe & Ni & Co) with a solid support, HEMA (2-hydroxyethylmethacrylate), and a functional monomer, AdeM (adenine methacrylate), were compared. Some other properties such as size, zeta potential, surface morphology, etc. were also studied.
INTRODUCTION
There are a variety of applications in the fields such as high-density data storage, ferroliquids, magnetic resonance imaging, wastewater treatment, protein purification, biomedical (1) (2) (3) (4) (5) (6) (7) , and especially clinical (8, 9) areas (10, 11) . The classical separation and purification techniques have been replaced by magnetic separation methods in terms of the removal of the long steps, including filtration and centrifugation (12, 13) or disadvantages like decomposition, inactivation, or deformation of biomolecules (14) . The magnetic separation techniques, as expected, requires magnetic particles to satisfy some vital features such as colloidal sustainability, equality in size, low poly dispersity index, the high and equal amount of magnetite content, superparamagnetic behavior, and effective surface functional groups to interact with active biological ligands (15) . There is a variety of methods to synthesize magnetic polymeric spheres like emulsion (16) and multistep swelling polymerization (17) , solvent evaporation (18) , etc. In contrast to these methods, providing very complex or broad polydispersity index, the dispersion polymerization has been suggested as an alternative method to synthesize micron-sized magnetic particles (19) . The most crucial advantage of this method is being simple: It is a single-step technique providing mono-size particles under desired conditions (20) . The polymeric magnetic particles are quite available candidates in terms of and due to the high mechanical resistance, insolubility and wonderful shelf-life (21) , having a variety of surface functional groups, (22) (23) (24) (25) (26) , good mechanical features, easy preparation, and biocompatibility developed for bio-friendly components (27) . Poly(2-hydroxyethyl methacrylate) [Poly(HEMA)] has been considered as a suitable matrix for enzyme immobilization due to being a biocompatible synthetic polymer with a good mechanical strength for several biomedical and biotechnological applications (28) . Magnetic separation techniques have a number of applications in biosciences especially in laboratory scale (29) .
The magnetic separation is very fast and simple with the requirement only a simple apparatus, namely magnetite (30) . The magnetic carriers also decrease the cost of operation and supply (31) (32) (33) (34) . Beside the providing solution for diffusion limitation, nanoparticles providing the increase of the adsorption capacity of the solid support are alternative for the macroporous microparticles (3, 21, 35, 36) . High surface area and lack of carrying limitations make the magnetic nanoparticles the desired choice for the purification of biomolecules (37) . However, the main problem in the use of nanoparticles is agglomeration. In this aspect, researchers should be very careful while using nanoparticles. high capacity of magnetic separation, SF adsorbents are the first as a choice for the purification process with the requirement of high adsorption effectivity and fast kinetics (38) .
Iron-oxide based materials are at the center for the nanostructured magnetic materials and because of the being naturally abundant, cost-effective and environmentally friendly, they are studied in a large spectrum of research (38) . 
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The structure of microparticles synthesized in this study was assumed as given in Figure   1 . As can be understood from the figure, there is a magnetic core in the center and the polymerization of HEMA and the monomer form of adenine were polymerized by surrounding of the magnetic core. As a result of this polymerization, spherical microparticles were obtained. The theoretical sizes of the magnetic core were calculated as given in Table 1 Another useful data given in Table 2 is the zeta potential, providing the degree of intermolecular interaction. As can be seen from the table, all microparticles have good zeta potential values indicating the existence of almost no intermolecular interaction microparticles have. The hysteresis curves of m-poly(HEMA-AdeM) microparticles are given in Figure 4 .
According to these curves, it is obvious that all microparticles have significant paramagnetic character. There was a loss observed in the magnetic behavior, which may be because of the oxidation during the process causing the iron oxide, nickel oxide, and The application of an external field to the sample may create an internal field which may be added to or subtracted from external field. To produce local magnetic effective field (Heffective) produced by electronic magnetic moment, it should be done vector addition to the external magnetic field (Hexternal).
The molecules with an unpaired electron can be analyzed using an electron spin resonance device (ESR, Bruker ELEXSYS E580, Germany), indicating whether these molecules have a magnetic feature or not. This method also proves the incorporation of magnetic double salts into the polymeric structure.
An external magnetic field applied to a material with an unpaired electron pair produces energy levels with the energy difference known as ΔE depending on magnetic moments.
The difference between these energy levels is equal to ‫ܧ∆‬ = ݃. ߚ. ‫.ܪ‬ The magnetic field at the time of equivalence of the energy difference to the microwave energy is defined as the resonance field (Hr). The resonance field is the value of magnetic field at the point that the signal intensity in the ESR spectrum is zero, i.e., the maximum microwave energy was The microparticles synthesized in this study have also significant water swelling ability. The porous structure of microparticles is very convenient to uptake water. In the adsorption process, the water swelling ratio is very important; because of that, the more water diffuses to the pores, the more interaction between ligand and target molecules occurs.
According to Figure 6 , the water uptake ability of mc-Fe & Ni-poly(HEMA-AdeM) microparticles is almost the same with that of the mc-Fe & Ni-Co-poly(HEMA-AdeM) microparticles, which is the highest in the group. If these data are compared with those in Table 2 , it can be inferred that the mc-Fe & Ni-poly(HEMA-AdeM) microparticles are also highly adequate for water swelling. around them. The researchers studying polymeric materials for the removal, isolation, or purification of biomolecules may consult these data prior to their studies.
